We provide a complete extension of Minimal Walking Technicolor able to account for the Standard Model fermion masses. The model is supersymmetric at energies greater or equal to the technicolor compositeness scale. We integrate out, at the supersymmetry breaking scale, the elementary Higgses. We use the resulting four-fermion operators to derive the low energy effective theory. We then determine the associated tree-level vacuum and low energy spectrum properties.
I. HISTORICAL COMPROMISE
Dynamical Electroweak (EW) symmetry breaking is arguably one of the most natural extensions of the Standard Model (SM) of particle interactions. The SM Higgs sector is replaced by a gauge theory featuring fermionic matter breaking the SM gauge symmetries dynamically. Models of this type are also known as Technicolor (TC) models since they mimic Quantum Chromodynamics. For recent reviews on dynamical EW symmetry breaking see [1, 2] . The EW energy scale emerges dynamically within the theory and is stable against quantum corrections. In the SM the EW scale is directly associated to the quadratic mass operator of the Higgs which is unprotected against quantum corrections leading to unnaturally large fine tuning to keep, order by order in perturbation theory, the EW scale within the experimentally observed value.
Supersymmetry (SUSY) provides yet another elegant solution to the stabilization of the EW scale. This is achieved by supersymmetrizing the entire SM. By marrying bosons and fermions the symmetries protecting the fermionic sector from acquiring untamed quantum corrections are now felt, via SUSY, also by the scalars of the model and consequently the EW scale stabilizes.
Naturalizing the SM comes at a cost both for TC and SUSY. Replacing the Higgs sector with a new strongly coupled theory is, alone, insufficient to give masses to the SM fermions.
A new sector is needed which is typically hard to construct [3] , at least if one insists on not having fundamental scalars. On the other hand, a minimal supersymmetric extension of the SM (MSSM) requires the Higgs sector to be enlarged, introducing a new scale which is, in principle, unrelated to the EW one. This scale stems out of the unknown scale of the dimensionful coupling (µ) of the operator mixing the two Higgses of the theory. Furthermore SUSY must break and the correct mechanism of SUSY breaking is still being searched for.
In SUSY the advantage is the presence of elementary scalars making it straightforward to give masses to the SM fermions. In this paper we combine the TC and SUSY ideas.
Why marrying Technicolor and Supersymmetry?
1) Dynamical EW symmetry breaking is already present in the MSSM since QCD breaks the EW symmetry dynamically via a condensate of the quarks. QCD is supersymmetrized at the EW scale. This is similar to what we plan to do in this work with the difference that the SUSY's Higgses are used for generating the fermion masses and TC drives the bulk of EW symmetry breaking.
2) This marriage provides a UV complete extension of TC allowing to generate SM fermion masses in a natural way.
3) The SUSY extension of TC allows to decouple the scale of SUSY from the EW one, thus reducing the tension with the LHC constraints for SUSY.
In this work we will investigate a specific SUSY extension of Minimal Walking Technicolor (MWT) [4] [5] [6] [7] 1 . We dubbed this model Minimal Supersymmetric Conformal Technicolor (MSCT). Here we show that MSCT passes the EW constraints, it does well with respect to
Flavor Changing Neutral Currents (FCNC), and finally the spectrum of the model is rich, phenomenologically viable and testable at the LHC.
In Section II we briefly summarize the salient features of MWT and set the stage for going beyond technicolor. We introduce in Section III a supersymmetrized version of MWT able to generate the fermion masses. We then determine the low energy effective theory at the electroweak scale. In Section IV we determine the vacuum properties, the EW precision parameters, and the spectrum. We then make a scan of the parameter space of the theory.
The composite Higgs phenomenology of the theory is studied in Section V. A different regime of the theory is studied in Section VI. We conclude in Section VII. Finally we added Appendix A to summarize the N = 4 Lagrangian and Appendix B to show the scalar mass matrices.
II. MINIMAL WALKING TECHNICOLOR REVIEW
We start from a TC model featuring a minimal particle spectrum required to break correctly EW. This is necessary to keep the S parameter small, as required by the experimental bounds, since the naive value of S associated with the techniquark spectrum is proportional to the number of EW doublets.
1 Minimal walking models emerged while investigating the phase diagram of strongly coupled theories as a function of the number of flavors, colors and matter representation [5, [8] [9] [10] [11] [12] [13] [14] [15] [16] . See also [1] for a more complete list of references.
Moreover, when considering generic extensions of TC the resulting theory should yield the correct top quark mass without generating large flavor changing neutral currents. One possibility is to devise models in which the TC coupling walks [17] [18] [19] , as opposed to QCDlike running. A model encompassing minimality as well as walking behavior is MWT [5, 6] .
The MWT extension of the SM has the following gauge group:
while its particle spectrum features all the SM particles besides the Higgs scalar, plus an EW techniquark doublet in the adjoint representation of SU (2) T C as well as its right-handed components:
with a being the adjoint color index of SU (2) . The left-handed fields are arranged in three doublets of the SU(2) L weak interactions in the standard fashion. The condensate is Ū U + DD which correctly breaks the EW symmetry, and therefore gives mass to the W ± and Z bosons. A new weakly charged fermionic doublet which is a TC singlet [6] is also added to cancel the Witten topological anomaly:
The following hypercharge assignment is anomaly-free and yields integer electromagnetic (EM) charges:
To discuss the symmetry properties of the theory it is convenient to use the Weyl basis for the fermions and arrange them in the following vector that transforms according to the fundamental representation of SU(4):
where U L and D L are the left-handed techniup and technidown, respectively, U R and D R are the corresponding right-handed particles, and σ 2 is a Pauli matrix. Assuming the standard breaking to the maximal diagonal subgroup, the SU(4) symmetry spontaneously breaks to SO (4) . Such a breaking is driven by the following condensate
where the indices i, j = 1, . . . , 4 denote the components of the tetraplet of η, and the Greek indices indicate the ordinary spin. The matrix E is a 4 × 4 matrix defined in terms of the 2-dimensional unit matrix as
Here
A similar expression holds for the D techniquark. The above condensate is invariant under an SO(4) symmetry. This leaves us with nine broken generators with associated Goldstone bosons.
The Lagrangian of MWT, for a general anomaly-free hypercharge assignment, has been constructed in [7] . There is no vacuum alignment problem for this model [22] .
The contribution of the leptonic heavy doublet allows MWT to satisfy the experimental constraints on the S and T parameters. This is seen from Fig.(1) , where we have plotted the theoretical prediction of MWT for the EW precision parameters, given by S naive 1/2π plus a perturbative contribution of the heavy leptons to S as well as to T [23] . A general discussion of the constraints on the precision tests beyond S and T has been investigated in [24] , while the unitarity problem for strongly interacting models of dynamical EW symmetry breaking has been investigated in [25, 26] . The investigation of the effects of conformal dynamics on the S parameter appeared in [20, 21, 27, 28] . The new bound on S [20, 21, 27 ] is consistent with the estimate used above.
A. Effective Lagrangian for MWT before addressing the fermion mass generation
The scalar and pseudoscalar degrees of freedom replacing the SM Higgs sector at the EW scale consist, in our model, of a composite Higgs and its pseudoscalar partner, as well as nine pseudoscalar Goldstone bosons and their scalar partners. These can be assembled in the matrix
which transforms under the full SU(4) group according to
The X a 's, a = 1, . . . , 9 are the generators of the SU(4) group which do not leave the vacuum
Note that the notation used is such that σ is a scalar while the Π a 's are pseudoscalars. It is convenient to separate the fifteen generators of SU(4) into the six that leave the vacuum invariant, S a , and the remaining nine that do not, X a . Then the S a generators of the SO (4) subgroup satisfy the relation
so that uEu T = E, for u ∈ SO(4). The explicit realization of the generators is shown in the appendix of [7] . The matrix M is invariant in form under U(4)≡SU(4)×U(1) A , rather than just SU (4) . However the U(1) A axial symmetry is anomalous, and is therefore broken at the quantum level.
2
The connection between the composite scalars and the underlying techniquarks can be derived from the transformation properties under SU(4), by observing that the elements of the matrix M transform like techniquark bilinears:
The effective linearly transforming Lagrangian up to SU (4) breaking terms, and prior to introducing a flavor complete extension reads:
where the covariant derivative is given by
The SU(4) preserving effective potential is
One can also add vector resonances to this Lagrangian as done in [7] . SU (4) breaks spontaneously to SO(4) for positive m 2 . Stability of the potential furthermore requires
2 We used a linear sigma model to describe some of the low lying states. A well known theorem due to
Haag [29] demonstrated the equivalence, at tree level, of different effective Lagrangians with the same number of asymptotic fields respecting the same global symmetries. We have also checked this directly by comparing the linear Lagrangian with the nonlinear one in [26] .
Three of the nine Goldstone bosons associated with the broken generators become the longitudinal degrees of freedom of the massive weak gauge bosons, while the extra six Goldstone bosons will acquire a mass due to Extended TC (ETC) interactions as well as the EW interactions per se.
The potential V(M ) is SU(4) invariant. It produces a VEV which parameterizes the techniquark condensate, and spontaneously breaks SU(4) to SO (4) . In terms of the model parameters the VEV is v coupling it to the SM and without extending the theory to accommodate for the SM fermion masses.
MWT predictions for LHC have been first investigated in [53] while the most recent LHC constraints on the parameter space have been provided in [54] . A more general and recent analysis of TC model phenomenology and model classification relevant for LHC searches can be found in [55] . Other interesting analyses related to TC phenomenology have also appeared [56, 57] .
B. Need to go beyond Technicolor
The analysis above shows that if the dynamics is such that SU (4) breaks to SO ( The minimal approach used in [7] has been to recouple the composite Higgs sector of MWT to the SM fermions in a phenomenological way. It was assumed there that an ETC dynamics existed, leading, at the EW scale, to an extension of the effective Lagrangian able to give masses to the Goldstone bosons and as well as to the SM fermions. While this approach is phenomenologically justified, it is important to demonstrate the existence of at least one natural ultraviolet completion of MWT solving the generation of the SM fermion masses at a more fundamental level.
Different extensions of TC have been proposed to address the SM fermion masses problem:
• The most radical approach is to assume that there are no fundamental scalars in Nature. This ambitious program requires the existence of one or more new strongly interacting theories featuring only new matter fermions and gauge bosons beyond the TC one [58] . Progress in this direction has been made by Ryttov and Shrock in a series of recent papers [3, [59] [60] [61] [62] [63] .
• Another approach is that of bosonic TC [64] [65] [66] [67] [68] . In these theories at least a massive scalar with Yukawa couplings to both techniquarks and SM fermions is introduced.
• Another possibility, the one we consider here, is to introduce SUSY above the TC scale. In this scenario SUSY works as an ETC model linking the TC sector to the SM fermions. It is worth noting that, in addition to the top mass, also neutrino masses are problematic in TC extensions. The present approach addresses the first problem while alleviates the second. Furthermore, the FCNCs related to slepton and squark mass matrices are suppressed since the SUSY scalars are taken to be typically heavy with respect to the EW scale. Since TC drives EW symmetry breaking it solves the little hierarchy problem of SUSY by allowing the elementary Higgs tree-level masses to be at the SUSY breaking scale [4, [69] [70] [71] [72] [73] [74] .
III. SUPERSYMMETRIZING MWT GENERATES FERMION MASSES
We explore in this work a minimal supersymmetric extension of MWT with the hypercharge assignment given in Eq. (5) . The model features the scalar superpartners for
which plays the role of the technigaugino. These fields are assembled in the superfields presented with the corresponding quantum numbers in Table I . The rest of the particle spectrum is that of MSSM, with H u and
Higgs superfields. At the microscopical level the full theory, which is renormalizable, is defined by the canonical kinetic terms and the following superpotential 3 :
where P M SSM is the MSSM superpotential 4 , and
Here g T C is the TC gauge coupling. The first observation is that the supersymmetrized version of the TC theory in isolation corresponds to N = 4 super Yang-Mills and therefore its beta function vanishes to all orders. It is for this reason, and for the minimality of the particle spectrum, that we have termed this model Minimal Supersymmetric Conformal TC (MSCT) [4] 5 . The SUSY breaking sector as well as the rest of the Lagrangian follows straightforwardly [4] from Table I and Eqs. (22), (23) . As shown in [4] the embedding of the MSSM within the N = 4 theory breaks it to N = 1.
This model constitutes our fundamental description in terms of the elementary degrees of freedom and forces. The relevant scales of the problem are the supersymmetric breaking scale m SUSY and the EW one which we identify with the low energy strongly coupled regime of the TC theory, Λ T C ∼ 4πv w , which for v w 246 GeV implies Λ T C ∼ 3 TeV. We will consider here the following order
In practical numerical estimates we enforce the last relation by simply requiring m SUSY > 5
TeV. With this order the EW symmetry is broken dynamically. However, having arranged the order of these scales does not automatically imply the knowledge of the supersymmetric particle spectrum pattern. We arrange the spectrum in the following way:
1) The soft scalar masses of the fundamental scalars are taken to be of the order of m SUSY .
2) The gaugino masses are also taken to be of the order of m SUSY with the exception of the technigaugino mass M D taken to be lighter than m SUSY . As we will show in 3 In the superpotential we impose R-parity invariance, since it allows the model to satisfy more easily the experimental bounds from accelerators. However, there are additional, R-parity violating terms that can in principle be added to the superpotential in Eq. (23) .
section IV, a relatively small Majorana mass for D R , nearly degenerate with the mass of U , is necessary to have a small T parameter, as required by the EW precision data.
Moreover, if D R was taken to be very heavy compared to Λ T C , the low energy theory would be different from the one (MWT) we are using in the present work.
3) We will argue that in our model the µ parameter, which gives the mass of the Higgsinos, is much larger than Λ TC . Therefore the Higgsinos are ignored in low energy phenomenology.
4) The remaining states acquire a mass, at most, of the order of Λ T C .
Since the fundamental scalars are taken to be heavy, i.e. with masses of the order of m SUSY , there is much less fine tuning than in MSSM. Also note that the µ problem in this model is less severe than in the MSSM, given that the SUSY breaking scale is higher than in the MSSM. In addition, in the end of this section we will give an example of a parameter space region where µ is much larger than the SUSY breaking scale.
Next we quantify how much the TC extension envisioned here, able to give mass to the SM fermions, modifies the vacuum, spectrum, and dynamics of the original TC model while still allowing for proper dynamical EW symmetry breaking. The modification of the TC dynamics and consequently of its phenomenology is substantial and cannot be neglected. A similar large effect on the TC dynamics was investigated in [77] and led to the discovery of ideal walking models.
A. Integrating out SUSY Fields
We use the general soft SUSY breaking Lagrangian written explicitly in [4] . We assume that all the soft mass parameters are degenerate with common scale m SUSY except for the technigauginoD R mass term which is taken to be light, as explained above. This will induce a modification of the low energy effective theory describing the composite Higgs dynamics, schematically:
We determine L ET C by first integrating out the scalar Higgses and technisquarks. To determine this effective Lagrangian we need the following microscopic MSCT Lagrangian terms:
The fieldsH 
Also, the contraction between SU(2) L doublets with the antisymmetric two-index tensor is indicated by a dot symbol (·). Furthermore, the Yukawa interaction between technisquarks and techniquarks stemming from superpotential and gauge interactions is given in Eq.(A4).
The MSSM Higgs potential is
The Higgs states are diagonalized via: 
In terms of the original potential parameters, Eq.(30), we have
6 We denote the scalar components of a chiral supermultiplet with a tilde.
We use the notation c θ , s θ , t θ for, respectively, cos θ, sin θ, tan θ. Decoupling the heavy scalars leads to the following fermion Lagrangian:
with the techniquarks η defined in Eq. (6) . We have retained the operators in mass dimension less or equal to six. We have that i and j indicate the SU (4) flavors, the first letters of the alphabet are reserved for the adjoint SU (2) technicolor indices, while the Greek indices are for SL(2, C) spinors. The color indices are contracted and suppressed, while the TC indices, running from 1 to 3, are written explicitly only in the last term. Note that these terms do not contribute to e.g. K −K mixing at tree level, as a consequence of the unitarity of the CKM matrix.
B. Effective theory below Λ T C
The SM fermion masses as well as the fourth lepton family ones arise from the following four-fermion operator
with
upon condensation of the techniquarks 7 . The spurion Z transforms as Z → u * Zu † under SU(4) R . Having derived the four-fermion theory just below the SUSY breaking scale we need now to evolve the techniquark condensates down to the EW scale. This is achieved by renormalizing the techniquark Yukawa coupling y U at the SUSY breaking scale, and by simultaneously introducing the dimensionless techniquark renormalization factor
written with the simple assumption of a constant anomalous dimension γ for the techniquark mass operator. 7 Notice that the indices i and j in Eq.(36) run from 1 to 4, while k = 1, 2 is the weak isospin.
The four-fermion term involving solely techniquarks is
where α and β are spin indices. For this term to be invariant, the spurion W must transform
To estimate the effects of renormalization we made the simplifying factorization assumption leading to an ω 2 effect.
The last term in Eq. (34) derives from decoupling the technisquarks. These come from the Yukawa couplings of the super TC sector (the gauge and the superpotential one) as summarized in the Appendix A. Decoupling these three complex scalars yields a four techniquark operator respecting the full SU(4) symmetry. This four techniquark operator appears in the Lagrangian as
where we have assumed the same renormalization enhancement factor ω. This operator induces a shift in the coefficient m 2 of the Tr MM † operator. The sign is such that it contributes to chiral symmetry breaking.
It is also useful to introduce the spurion ∆ related to the soft SUSY breaking mass operator:
transforming under SU(4) as ∆ → u * ∆u † .
Collecting the information above we write the following new operators emerging at the effective Lagrangian level to the lowest order in the spurions:
The powers of Λ T C are inserted to make the coefficients dimensionless. The coefficients c 1 , c 2 , c 3 , parametrize the uncertainty in the couplings of the effective Lagrangian in function of those of the underlying theory. We estimate them by using naive dimensional analysis,
and expected to be between π and 4π.
The effective Lagrangian of MSCT, with a strong TC coupling g T C at a scale Λ < Λ T C , is therefore
with the first term on the right-hand side denoting the covariant kinetic terms of the SM fields, and the other two terms defined respectively in Eqs. (14, 42) .
The Lagrangian (44) depends on the parameters of the MSSM potential only via the parameters m s and t θ defined in (33) . Given the number of tunable parameters in (33) , and the fact that the EW symmetry is broken regardless of the value of µ, it is clear that the µ parameter is less constrained than in the MSSM. To give an example, in the parameter space corresponding to m s ≈ m SU SY , Eqs. (33) lead to the following relations:
Note that generally t θ < 1 (see Eq. (32)). It will be shown in Section IV that t θ relates to fermion masses, and this implies in particular that t θ > 0. Hence we see that µ can be much larger than m SU SY in this slice of the parameter space if t θ ∼ 1. This slice of the parameter space therefore illustrates that the µ problem is much weaker in this model than in the MSSM.
Since the Lagrangian (44) does not depend directly on m SU SY , henceforth we will simply substitute m s with m SU SY .
IV. SPECTRUM AND PRECISION TESTS
We now investigate the salient aspects of the theory by first analyzing the vacuum properties, then we derive the EW precision test observables, and finally determine the physical spectrum by scanning the theory for the experimentally viable points in the parameter space.
A. Electroweak Symmetry Breaking
Due to the modification of the low energy effective potential induced by the TC extension, the ground state of theory must be consistently redetermined. We start by searching for a new ground state parameterized by the following vacuum matrix:
This vacuum ansatz leads to the correct EW symmetry breaking pattern. By minimizing the scalar potential given in Eq. (44) we get the conditions for the minimum:
Within this ansatz the minimum is a global one. Note that this solution is not smoothly 
From the last equation and the LEP lower bound on the chargino masses, m E , m N 100
GeV, it follows t θ > 0, and we have that in general t θ < 1.
Having established the tree-level vacuum properties of the model we can now turn to the phenomenological consequences of the model. In the next two subsections we investigate different values of m SUSY and Yukawa couplings yielding the correct SM mass spectrum.
B. Precision Tests
We now determine the EW precision parameters [78] [79] [80] [81] which receive contributions coming from the vacuum structure above, the intrinsic TC dynamics as well as the new lepton sector. It is the combination of these contributions which lead to a phenomenological viable model.
Tree-level contribution
To this order order the main effect on precision observables comes from the vacuum properties of the model. For the VEV defined by Eqs. (46, 47) the W ± and Z bosons squared masses are readily computed and read:
From these expressions one determines the value of the T parameter at tree level:
where G F is the Fermi coupling constant. We note that extensions of the SM can have a treelevel nonzero T parameter while remaining phenomenologically viable [82] . The tree-level value of the S parameter vanishes.
Beyond tree level
At one loop there are two distinct contributions to both S and T , one coming from the N and E heavy leptons with non-degenerate masses [23] , and the other one generated by the techniquarks U a and D a . The latter contribution is usually accounted for by the naive values S naive = (6π) −1 , T naive = 0, associated to each EW doublet, that are obtained in the limit of degenerate U a and D a having a dynamically generated mass m dyn → ∞. In the present article we estimate S and T by taking into account the mass splitting of U a and D a , as well as the finiteness of m dyn . We use the formulas and notation for the contributions of Majorana mass terms to EW parameters as given in [83] , with the mass parameters multiplying the operators
determined using Eq.(34). These masses are identified respectively with m ζ , m D , and m R of [83] . The expressions above are dictated by dimensional analysis and symmetries. Similar estimates, albeit without any knowledge of the ETC dynamics, have been used in the literature [2] . We assume as a simple estimate for the dynamical quantities above
with x given in Eq. (43) , providing the link between Λ T C and the electroweak scale.
The experimental bounds on S and T depend on the reference mass of the SM Higgs,
As it is shown in the next section, vacuum stability imposes the constraint v 2 1 > v 2 2 , and moreover the large value of m t , which is proportional to v 1 , favors v 1 v 2 . Therefore to determine the corresponding contributions in MSCT we work in the limit v 2 /v 1 → 0, which further simplifies the calculation. In this limit the gauge eigenstate σ 0 U , which has the same couplings to the EW gauge bosons of the SM Higgs, is a linear combination of just two mass
with the sum of the squares of the coefficients c j normalized to one. The only nonzero contributions of h i to S and T are associated with the diagrams of the kind given in Fig.(2) .
In the limit of m h i m Z the resulting expressions for S and T in MSCT corresponding to the SM Higgs contributions are:
with c w the cosine of the Weinberg angle, and m Ref conventionally defined equal to 117
GeV. The expressions above reduce to the h SM result if one takes
The numerical value we use for the reference Higgs mass when comparing the MSCT predictions to the experimental limits on S and T is given by Eq.(55).
To summarize, the full contribution to the EW parameters is given by
where T tree is the tree-level contribution of Eq.(50), S U,D and T U,D are the one loop contributions of the techniquarks calculated by using the formulae given in [83] , and S N,E and T N,E are the one loop contributions of the heavy leptons [23] .
C. Viable Mass Spectrum
In this section we show that MSCT is phenomenologically viable in a large region of its parameter space, and we determine general features of the mass spectrum.
We first define a useful parameter:
We impose constraints on the parameter space by requiring the extremum of the potential to be a global minimum. To do that we start by requiring the squared masses
, given in Eqs.(B8,B9,B10,B11), to be positive. This, together with the definition of the EW VEV, Eq.(50), determines the bounds
Notice that in the previous constraints we have chosen v 1 > 0.
Expecting a dynamical mechanism in the TC sector we take m 2 > 0 in Eq. (15) . We furthermore require the potential to be stable by imposing Eqs. (16) . We have scanned the parameter space in the region defined by 0.5 < c 1,2 x < 5, 0.5 < c 3 x 2 < 5, γ = 1.5, 246
We have allowed the Yukawa region to extend to large values since we argued in [84] for the possible presence of a UV fixed point around 2π. Of course, this estimate must be taken with a grain of salt given that nonperturbative corrections will also affect the results.
Because of the four techniquark operators in Eqs. (38, 39) and based on [77] it is reasonable to expect the anomalous dimension of the techniquark condensate to be larger than unity but smaller than two. For definiteness we have assigned to it the value of 1.5. Smaller values of γ are also phenomenologically viable and lead, in general, to a lighter spectrum. The time needed to complete the scan of the parameters space grows with decreasing v 1 , since the viable points became more rare in this region of the parameter space, and so we chose arbitrarily to limit v 1 to values larger than 210 GeV, and stopped the scan once we collected 10000 viable points.
In Fig.(3) we give the difference between the MSCT prediction on the S and T parameters and the corresponding experimental limits, which depend on the reference Higgs mass, that we defined in MSCT by Eq. (55) . As required all the 10000 viable points lie within the 90%CL ellipse, with about 63% of them being in the ∆S > 0 region. This is typical for TC theories, for which degenerate techniquarks give a net positive contribution to S. In MSCT the positive contribution of S U,D is reduced by the mass splitting of U and D induced by the ETC interactions, and partially canceled by S N,E , which is negative for m N < m E .
In Fig.(4) we present, for illustrative purposes, the mass spectra for the MSCT non-SM particles associated to two of the 10000 data points plotted in Fig.(3) , corresponding respectively to a heavy (1 TeV) and light (125 GeV) lightest neutral Higgs scalar, with the absolute value of the EM charge on the x axis. These two particular data points reflect general correlations in the mass spectrum that we investigate in detail in the rest of this interactions which we required to be smaller than 4π. For most of the viable points m N < m E , which yields T N,E > 0: indeed a positive one loop contribution to T is necessary to offset the large negative tree-level contribution, T tree . In the right panel of Most viable points satisfy m N m E . The heavy lepton number associated to N and E is conserved in the approximation that we have made by neglecting the contribution of the coupling y R in Eq. (23), and therefore the lighter of the two charginos is stable. Even including the contribution in the effective Lagrangian of terms proportional to y R , in the most common case of m N < m E the chargino N is stable. Unfortunately a stable charged dark matter candidate is basically ruled out at the TeV scale [85] . This problem can be easily circumvented by adding lepton number violating interactions in the superpotential allowing N to decay to leptons of the third family.
Another variation of MSCT free from doubly charged leptons can also be easily constructed by adding three SM like heavy lepton families rather than the one with exotic electric charges. We performed a parameter space scan also for this model and found it to be phenomenologically viable. The associated mass spectrum is very similar to that of MSCT in the same limit m SUSY > Λ T C .
The heavy scalar mass spectrum is generated mostly through ETC interactions that induce nonzero but small values of v 2 , as seen in the left panel of Fig.(6) , with a maximum of the distribution at approximately 38 GeV. Large values of v 4 (Fig.(6) , right panel) are required to generate a Majorana mass for D R nearly degenerate with the mass of U , which makes T U,D small and helps to bring the T parameter into agreement with the experimental constraints. A comment on vacuum alignment is in order. We have not determined here the quantum corrections which can provide a partial vacuum re-alignment [86, 87] in the MWT vacuum direction [22] . The mass of the lightest Higgs scalar does not show any dependence on the SUSY breaking scale, and is in general rather heavy, as it can be seen in Fig.(7) , with less than 1% of the viable points featuring m h 1 < 2m W ∼ = 160 GeV and an average mass equal to about a TeV.
This is indeed what naive dimensional analysis suggests, but it is still an interesting result since we allowed the couplings in the effective Lagrangian to take also rather small values associated with nearly conformal (or walking) dynamics. A clear mass hierarchy is manifest in Fig.(8) In the next section we will study the potential of LHC to produce and observe one of the composite neutral Higgs scalars predicted by MSCT. In particular we will focus our attention on the neutral scalar with the strongest linear coupling to W , which we label simply by H: this scalar corresponds in most cases to either h 1 or h 2 , or otherwise to h 3 . 
V. HIGGS PHENOMENOLOGY AT THE LHC
The sector of the MSCT effective Lagrangian relevant for Higgs production and decay at LHC is given by the linear Higgs coupling terms
where we suppressed indices and sums over the MSCT fermions and charged composite scalars, represented in the equation above by ψ and h ± , and the sum over j = 1, 2, 3. The coefficients c j , d j are defined by
and are obtained by inverting the mixing matrix U s in Eq.(B2). We calculated numerically c j , d j , and λ j for each viable point by expressing the Lagrangian in terms of the mass eigenstates and reading off the relevant couplings.
The main production processes for a Higgs neutral scalar at LHC (see [88] by Gunion et al., and [89] by Djouadi for comprehensive reviews on Higgs phenomenology at LHC) to the whole spectrum of massive particles and, through loop induced processes involving charged (colored) massive particles, to photons (gluons) as well, as shown in Fig.(10) , where ϕ represents any spin 0 particle. From Figs.(9,10) , Eq. (60), and the fact that the fermion couplings to gauge bosons are fixed by their quantum numbers, it follows that the dominant production rates as well as the decay rates to fermions, W/Z bosons (both on and off shell),
10: Decay channels for the neutral Higgs scalar h i .
and gluons, can be expressed in function of the corresponding SM rates by:
where q represents a quark with weak isospin different from q.
The calculation of the Higgs decay rate to photons is more involved. By adapting to MSCT the formulas given in [88] we can write
where the index j is summed over the MSCT heavy charged particles (basically the top quark and the W boson, the charginos E and N , plus the charged composite scalars) and the factors F i,j are defined by
and λ i defined by Eq.(60).
Among the three neutral composite Higgs scalars available in MSCT we pick the one with the strongest coupling to W , which we label simply by H. The neutral scalar H corresponds for most of the data points to either h 1 or h 2 , and in the remaining cases to h 3 . In Fig.(11) we show the numerical values ofΓ From Figs. (11, 12) it is clear that the total decay rate Γ tot of H for m H < 1 TeV is of the same order as that of the SM Higgs, which is equal roughly to 1 TeV for m h SM = 1 TeV [89] .
Since Γ tot is of O(m H ) when m H > 1 TeV the narrow width approximation cannot be used to calculate the cross section of processes involving the production and decay of a Higgs from the Higgs production and decay rates, and a full calculation of the cross section would be necessary to study the Higgs phenomenology at LHC for m H > 1 TeV. For m H < 1 TeV we find that H is mostly equal to the lightest neutral Higgs scalar, and therefore the H decays to other scalars and pseudoscalars, mostly off shell, have a negligible branching ratio.
The contribution to Γ tot of the charginos N and E is expected to be an order of magnitude smaller than Γ H→W W . From Figs. (11,12 (left panel) ) it is clear that for m H 500 GeV the H production rate, accounted for mostly by the two processes in Fig.(9) with a gluon-gluon initial state, is almost identical in value to that of the SM Higgs. Since for the same mass range the H decay rate to W W is roughly the same of that of the SM Higgs, while the H decay rate to ZZ is in general greater than the corresponding SM value, we expect most of the MSCT parameter space featuring 127.5 < m H /GeV < 500 and m H /GeV < 122.5
GeV to be ruled out by the 4.6 to 4.9 fb −1 ATLAS or CMS results, as it is the case for h SM [90, 91] . we considered the case of relatively heavy composite Higgses since the points featuring m h 1 < 145 GeV are about 0.5 %. However, reducing the SUSY breaking scale to be of the same order of Λ T C , while still breaking the EW dynamically, light elementary scalar fields emerge more naturally. This is the scenario that we study in the following section.
VI. KEEPING THE HIGGSES LIGHT
In this section we study a viable scenario in which m SU SY = Λ T C and we do not integrate out the elementary Higgses coming from the MSSM sector. We have taken positive mass squared for the elementary Higgses so that EW breaking is triggered by the dynamical sector. In fact, the Yukawa term in Eq. (23) couplingH u to the technifermions, once these condense in the infrared, generates a linear term inH u that induces a nonzero scalar VEV. 
where the matrix of the elementary up-type Higgs field J is
The Yukawa couplings of the elementary Higgs scalars to leptons and quarks remain unchanged with respect to the microscopic case given in Eq (28):
with F d defined in Eq (28) . The complete Lagrangian is defined by
The VEV of M is still given by Eq.(46), while
The VEVs above are triggered by the TC condensate via the mixing in Eq. (68) . In the previous section we have shown that v 2 is small because of its contribution to T , and therefore
to simplify the present analysis we take v 2 = 0.
The equations defining the parameters values that minimize the scalar potential are:
For the VEV defined by Eqs. (46, 47, 73 ) the W ± and Z bosons squared masses are
The masses of the upper component u and the lower one d of a generic EW fermion doublet are given by
The derivation of the scalar squared mass matrices is straightforward, though the results are rather lengthy, and for this reason we do not list them here.
We repeat the scan of the parameter space but with m SU SY = Λ T C to study the features of the mass spectrum in the phenomenological viable region. We use the same range for the independent parameters given in Eqs. (59) , except for v 1 that we allow to be as small as 100 GeV. We do not allow smaller values of v 1 so that Λ T C = gv 1 remains close to the TeV scale. We also take c 5 = 1/x and x = 4π. This choice of parameters means that the TC as well as the SUSY scales can be as low as 4π100 GeV 1.2 TeV. To simplify the particle spectrum we take µ, which gives the mass of the Higgsinos, equal to Λ T C , so that we are allowed to neglect those fields while having in principle still light elementary Higgs mass parameters. We furthermore require a zero VEV to be a stable minimum of the fundamental Higgs potential, so that a nonzero v H can be generated only by the techniquark condensate.
We therefore impose on the soft parameters of the fundamental Higgs sector the constraints
We stopped the scan of the parameter space once we have collected 10000 viable points.
In Fig.(13) we show the dependency of the tree-level mass of the lightest neutral scalar h 1 , which is now a mixture of composite and elementary fields, on the SUSY breaking scale.
For m SUSY around 1.2 TeV h 1 is shown to be light compared to the EW scale. A light
neutral Higgs scalar appears because of the mixing with a fundamental scalar field [68] .
The fact that MSCT is able to achieve a tree-level Higgs mass large enough to satisfy the experimental constraints shows clearly that the fine tuning of the model is greatly reduced with respect to that of the MSSM with a comparable SUSY breaking scale. The phenomenology of MSCT in the regime with light fundamental scalars is expected to be very rich, with signals associated to MSSM superpartners with masses of O(Λ T C ) as well as other massive composite states, such as technivectors. We plan, in the future, to add the spin one states due to the TC dynamics following Ref. [7] .
VII. CONCLUSIONS
We provided a complete extension of MWT able to account for the SM fermion masses.
The extension becomes supersymmetric at energies greater or equal to the TC compositeness scale and we dubbed it Minimal Super Conformal Technicolor (MSCT). We investigated this model in two main distinct regimes: one in which all the elementary scalars are heavy compared to the TC compositeness scale and another in which the elementary Higgs scalars are kept light with respect to the same scale. In the latter case we argued that the fine tuning of the model is dramatically reduced compared to that of MSSM, since the tree-level Higgs mass in MSCT is able alone to accommodate the experimental bounds. In both cases we showed, by performing a large parameter scan, that the model is phenomenologically viable.
We also determined that MSCT does not require, contrarily to MSSM, the µ parameter to be of O(v w ). Furthermore we studied the composite Higgs phenomenology at the LHC for the case in which the elementary Higgses are heavy. We have then compared the results to the SM Higgs phenomenology and shown that it is possible, depending on the parameter space, to disentangle the two models. LHC already constrains severely the low energy portion of the model's parameter space.
Our model can be viewed as a working complete example of an extended TC theory able to give masses to the SM fermions. One of the main results of our work is that the extension back reacts heavily on the TC dynamics, vacuum and spectral properties. This feature is expected to hold for large classes of models of dynamical electroweak symmetry breaking.
In this notation, we have
where all fields are complex valued. When the electroweak symmetry is spontaneously broken, these states mix, and we now define the language with which these states are referred to.
We define the following mixing matrices so that for each type of scalar the lower index is ordered by increasing mass. The neutral scalars and pseudoscalars mixing matrices are defined as follows:
where G 0 is now the would-be Goldstone. The states φ = σ 
where G + is the would-be Goldstone.
The squared mass matrix for the neutral scalars above, prior to diagonalization, is 
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The squared mass matrix for the charged scalars is: 
Besides the massless Goldstone boson eaten by the Z boson, the physical particle spectrum features two more neutral pseudoscalars with squared masses 
The squared masses of the doubly charged physical scalars are: 
